performed using a Polygen 12 synthesizer. Synthesized oligonucleotides were removed from the controlled pore glass (CPG) by treatment with 28 ~ 30 % aqueous ammonia (13h. at 55 °C). After filtration of CPG, the filtrate was dried by a freeze dryer. DMT-on and off oligonucleotides were purified by HPLC. An Agilent high-performance liquid chromatography system (1100 Series) was used to purify the synthesized 2)/MeCN = 1:1); flow rate: 2.5 mL/min; UV detection: 254 and 380 nm. MALDI-TOF mass spectra were recorded at Bioneer, Taejon, Korea for confirmation of synthesized oligonucleotides; 10 µL of 0.5 M 3-Hydroxypicolinic acid (99 %, Fluka) was added to oligonucleotide samples. After voltexing and spindown, we loaded 1~2 µL of the mixed sample in MALDI-TOF plate and waited for formation of crsyal. These samples were analyzed by Kratos AXIMA-LNR MALDI-TOF mass (voltage : 20 kV, mode : linear mode, laser wavelength : 337 nm, pulse width : 4 ns, pulse energy : 300 µJ at 10 Hz).
Quantification of oligonucleotides
UV-visible spectrophotometer (Cary 100) was used to determine the ODN concentrations. 10 µL of stock sample was diluted to 1 mL for quantification. The absorbance at 260 nm of the sample was measured. For quantification of oligonucleotides, 15400, 7400, 11500, 8700, and 4200 M -1 was used as extinction coefficient at 260 nm for A, C, G, T, and Py U, respectively. We used next equation for calculation. 
( )

CD spectra of oligonucleotides
CD spectra of oligonucleotides were recorded using JASCO J-810 (JASCO); sensitivity: standard (100 mdeg), scanning range : 320 ~ 220 nm, data pitch : 1 nm, scanning mode : continuous, scanning speed :
200 nm/min, response: 1 sec, band width : 1 nm, accumulation : 5 times, cell length : 1 cm, temperature :
20°C.
UV and fluorescence spectra
UV and fluorescence spectra were recorded using Cary 100 and Eclipse spectrometers (Varian), respectively. Samples for UV/fluorescence spectroscopy were prepared in a quartz cell (path length: 1 cm).
All samples were measured after baseline correction for UV spectra. Parameters for UV spectra; scanning range : 500~200 nm, data interval : 1.0 nm, scan rate : 600 nm/min, SBW: 2.0 nm, beam mode : double, temperature : 25 °C. Parameters for fluorescence spectra; exc. wavelength: 377 nm, scanning range:
382~600nm, excitation and emission slit : 5 nm, data interval : 1.0 nm, scan rate : 600 nm/min, PMT Detector voltage : 600 V, Temperature : 25 °C.
Thermal stability measurement of oligonucleotides
For T m determination, we utilized Cary 100 UV-visible spectrophotometer and Cary temperature controller to record the hyperchromicity; wavelength: 260nm, SBW: 1.0 nm, start: 10 °C, end: 98 °C, data interval: 1 °C, rate: 2 °C/min. All samples were recorded three times. The T m curves were analyzed by general method for T m determination (temperature at which half of the sample is folded, and half is unfolded). 2 T m determination was done by both linear fitting of upper and lower baseline and first derivative of the absorbance signal. For the T m curve of P3L exhibiting no upper baseline, only first derivative method was used.
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Polyacrylamide Gel electrophoresis (PAGE) 5 mL of 40% acrylamide, 2 mL of 5X TBE buffer, and 3 mL of distilled water were mixed for 20 % non-denaturing gel. 12 mg of ammonium persulfate was added to the mixed solution. For initiation of gel formation, 10 µL of N, N, N',N'-Tetramethylethylenediamine (TEMED) was added. 100 pmol of samples (hairpin or duplex) were used for PAGE. Dried samples were dissolved in 6 µL of water/formamide mixture (v/v = 1: 1) for sample loading. We used 8 µL of O'RangeRuler 5 bp DNA Ladder, ready -to-use (Fermentas) for size marker. PAGE was carried out at 90V, 260mA, 22W, 25°C for 3 h. After running, gels
were mixed with stains all (Sigma-Aldrich) in formamide for 30 min. Gels were dried and exposed on light for visualization of DNA bands.
Calculation of photophysical properties
For calculation of quantum yield, we used quinine sulfate in 0.5 M H 2 SO 4 (1~ 10 µM, 0.546, excitation at 310 nm) as reference material. 3 The quantum yields (QYs) of oligonucleotides containing the Py U were calculated according to a previous report. 4 We checked absorbance at 377 nm and used it for excitation of the Py Us. Refractive indices were 1.333. For calculation of extinction coefficients of oligonucleotides, we repeats. In general, these values all decreased upon positioning the Py U units closer to ends of the stem. For P1, the QYs were the lowest among our tested systems, originating from the lower stability of the end positions (i.e., so-called "fraying" 5 caused the terminal Py U units to be readily exposed to the aqueous environment, leading to decreased fluorescence). Notably, the fluorescence of Py U units is very sensitive to the nature of the solvent and the pH (involved in proton-coupled intramolecular electron transfer).
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Fig. S8
The results from P3L probe. We confirmed that P3L also formed DNA duplexes and DNA/RNA hybrids with CAG target sequences, as evidenced from CD spectra and PAGE ( Fig. S2 and S3 ). P3L exhibited a lower FE (decreasing from 43.5 to 21.6) in the presence of ON-A while it showed the increased FE (from 10.6 to 16) in the presence of ODN-A (Table 2 , Fig. 3a and 3b in the main text). The LNA units in P3L appeared to stabilize its hairpin structure significantly (its melting temperature was 13 °C higher than that of P3; Table 2 
